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Abstract 
Effects of Cr6+, Hg2+, Pb2+ and Zn2+ on the condition of Artemia saline growth and development were studied. 
The results showed that effects of four kinds of heavy metals stress on the condition of A. saline growth and 
development were remarkable or high-remarkable. Growth NOECs of Cr6+ at 24h, 48h, 72h and 96h 
were >0.28mg/L, 0.2mg/L, <0.04mg/L and 0.24mgˋL, development NOECs of Cr6+ at 24h, 48h, 72h and 96h 
were >0.28mg/L, 0.12mg/L, >0.28mg/L and 0.12mg/L; Growth NOECs of Hg2+ at 48h, 72h and 96h were 1.0mg/L 
and was <0.5mg/L at 24h, development NOECs of Hg2+ at 24h, 72h and 96h were >2.5mg/L and was <0.5mg/L at 
48h; Growth NOEC of Pb2+ at 24 h, 48h, 72h and 96h was 6mg/L, 3mg/L, <3mg/L and <3mg/L, development 
NOEC of Pb2+ at 24h and 72h was 6mg/L and 15mg/L and were <3mg/L at 48h and 96h; Growth NOEC of Zn2+ at 
24h and 72h was <0.04mg/L and 0.04mg/L and were >0.28mg/L at 48h and 96h, development NOEC of Zn2+ at 24h 
and 96h were <0.04mg/L and were >0.28mg/L at 48h and 72h. All four kinds of ions obviously promoted the 
condition of A. saline growth and development in set concentrations except that 0.04mg/L Cr6+ group offered 
inhibition of A. saline growth at seventy-second hour and 9mg/L Pb2+ group offered inhibition of A. saline 
development at twenty-fourth hour. The condition of A. saline growth and development could be used to test toxicity 
of low concentration heavy metal ions. 
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1. Introduction 
Nauplii of Artemia saline are often used to evaluate the toxicity of environmental pollutants and 
ecotoxicological studies because the way of non-selective filter-feeding makes them vulnerable to toxic 
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substances attacking. Nauplii of Artemia saline were listed as standard test organisms in Biological 
toxicity inspection method for pollutant from marine petroleum exploration and exploitation (GB 
18420.2—2001) [1-2]. Detecting mortality rate of test organism that is common method in biological 
toxicity inspection show some limitations in the case of low concentrations of pollutants. Previous studies 
showed that the level of growth and development of Artemia could respond to no-observed effect 
concentration (NOEC) [3] and the length changing of Artemia was more sensitive than mortality rate in 
toxicity inspection [4]. Therefore, the present study was undertaken to evaluate effects of 4 kinds of heavy 
metals on growth and development of nauplii of Artemia saline.  
2. Materials and methods 
2.1. Experimental animals and chemicals 
Nauplii of Artemia saline were hatched from dormant eggs for 24 hours before testing. The salinity and 
pH of water was 30‰ and 8.0±0.5. Chemicals including K2Cr2O7, HgCl2, Pb(NO3)2 and ZnSO4 were 
analytically pure. 
2.2. Experimental design 
Every heavy metal was divided into 10 experimental groups with different concentrations. Control and 
experimental units were prepared with three replicates (each replicate was contained 100 nauplii in 250ml 
liquid).  
2.3 .Sample collection  
10 nauplii were collected from every groups at 24 hˈ48 hˈ72 h and 96 h respectively. The length and 
age of nauplii were observed. The highest concentration without significant difference with control 
groups was considered NOEC[3]. 
2.4 .Statistical analysis 
Data were analyzed by one-way analysis of variance (ANOVA). Duncan’s multiple range tests was 
used to compare the difference of the length means. Chi-square test was used to compare the difference of 
age. All statistical analyses were performed using SPSS program version 17.0. The levels of significance 
were expressed as P-value less or greater than 0.05 and the levels of high significance were expressed as 
P-value less or greater than 0.01.  
3 Results
3.1. Effects of Cr6+ on nauplii of Artemia saline 
y Effects of Cr6+ on growth of nauplii
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The table.1 showed effects of Cr6+ on growth of nauplii. The results of ANOVA showed that effects of 
Cr6+ on the condition of A. saline growth at 24h, 48h, 72h and 96h were high-remarkable˄P<0.01˅. The 
results of Duncan’s multiple range tests showed that NOECs of Cr6+ on length at 24h, 48h, 72h and 96h
were >0.28mg/L, 0.2mg/L, <0.04mg/L and 0.24mgˋL. 
Table.1 Effect of Cr6+ on the growth of Artemia saline
concentration
˄;·L-1˅ 
Length (mm) 
24h 48h 72h 96h 
0 2.873±0.061 3.673±0.071 4.320±0.069 4.417±0.078 
0.04 2.903±0.076 3.656±0.095 3.860±0.112** 4.373±0.120 
0.08 2.886±0.083 3.710±0.100 3.820±0.117** 4.593±0.082 
0.12 2.786±0.091 3.826±0.074 3.823±0.120** 4.470±0.101 
0.16 2.723±0.093 3.806±0.066 3.810±0.078** 4.556±0.080 
0.20 2.610±0.056 3.490±0.078 3.826±0.062** 4.430±0.080 
0.24 2.936±0.060 4.020±0.083* 3.803±0.108** 4.296±0.080 
0.28 2.923±0.065 4.036±0.079* 3.800±0.094** 5.173±0.075** 
‘γ’: significant difference (p<0.05) among different groups within the same period.þγγÿ high significant difference 
(p<0.01) among different groups within the same period. 
y Effects of Cr6+ on development of nauplii 
The table.2 showed effects of Cr6+ on development of nauplii. The results of Chi-square test showed 
that effects of Cr6+ on the condition of A. saline development at 48h and 96h were high remarkable
˄P<0.01˅. NOECs of Cr6+ on development were 0.12mg/L at 48h and 96h and were >0.28mg/L at 24h 
and 72h. Under that concentration of Cr6+ was higher than NOEC, the proportion of 4 age nauplii in 
experimental groups was higher than control groups at 48h and the proportion of 5 age nauplii in 
experimental groups was higher than control groups at 96h.  
Table.2 Effect of Cr6+ on the development of Artemia saline
concentration
˄;gL-1˅ 
Proportion of nauplii in difference age 
24h 48h 72h 96h 
0 0:19:11:0:0 0:0:21:9:0 0:0:4:26:0 0:0:3:19:11 
0.04 1:12:17:0:0 0:0:16:11:0 0:3:8:19:0 0:1:3:20:6 
0.08 0:14:16:0:0 0:0:17:11:0 0:1:7:22:0 0:0:2:18:10 
0.12 2:12:16:0:0 0:0:13:16:0 0:1:6:24:0 0:1:1:15:13 
0.16 3:15:12:0:0 0:0:10:18:0** 0:0:8:22:0 0:0:4:6:20** 
0.2 0:24:6:0:0 0:0:11:19:0** 0:0:8:22:0 0:0:3:7:20** 
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0.24 0:16:14:0:0 0:0:12:19:0** 0:1:12:17:0 0:0:3:6:21** 
0.28 0:13:17:0:0 0:0:10:20:0** 0:0:3:27:0 0:0:0:0:30** 
Date in the table representative of proportion of nauplii in difference age and the order of age was increasing from left to right.
The following tables was the same.
3.2 .Effects of Hg2+ on nauplii of Artemia saline 
y Effects of Hg2+ on growth of nauplii 
The table.3 showed effects of Hg2+ on growth of nauplii. The results of ANOVA showed that effects of 
Hg2+on the condition of A. saline growth at 24h, 48h, 72h and 96h were remarkable˄P<0.05˅or 
high-remarkable˄P<0.01˅. The results of Duncan’s multiple range tests showed that growth NOECs of 
Hg2+ at 48h, 72h and 96h were 1.0mg/L and was <0.5mg/L at 24h. In 0.5mg/L experimental groups, the 
length of nauplii was high-remarkable longer than control at 48h and 96h (P<0.01) and remarkable longer 
than control at 72h (P<0.05). 
y Effects of Hg2+ on development of nauplii 
The table.4 showed effects of Hg2+ on development of nauplii. The results of Chi-square test showed 
that effects of Hg2+ on the condition of A. saline development was high-remarkable˄P<0.01˅at 48h in 
every experimental groups. Development NOECs of Hg2+ at 24h, 72h and 96h were >2.5mg/L and was 
<0.5mg/L at 48h. Under concentration from 0.5mg/L to 2.5mg/L, proportion of 3 age nauplii was high 
remarkable higher than control groups at 48h (P<0.01). 
Table.3 Effect of Hg2+ on the growth of Artemia saline  
concentrat
-ion
˄;gL-1  ˅
Length (mm) 
24h 48h 72h 96h 
0 2.333±0.079 2.983±0.055 3.333±0.051 3.443±0.056 
0.5 2.590±0.054* 3.166±0.076 3.250±0.067 3.443±0.067 
1 2.580±0.061* 3.233±0.068 3.480±0.087 3.633±0.067 
1.5 2.586±0.048* 3.433±0.083** 3.593±0.084* 3.750±0.069** 
2 2.596±0.067* 3.303±0.069** 3.583±0.059* 3.740±0.054* 
2.5 2.590±0.063** 3.340±0.089** 3.553±0.060* 3.736±0.072* 
Table.4 Effect of Hg2+ on the development of Artemia saline
concentration 
˄;gL-1˅ 
Proportions of nauplii in difference age 
24h 48h 72h 96h 
0 9:21:0:0:0 0:21:9:0:0 0:2:28:0:0 0:19:11:0:0 
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0.5 1:26:3:0:0 0:11:19:0:0** 0:5:25:0:0 1:12:17:0:0 
1 4:25:1:0:0 0:4:26:0:0** 0:4:23:3:0 0:14:16:0:0 
1.5 3:26:1:0:0 0:4:24:2:0** 0:1:26:3:0 2:12:16:0:0 
2 6:23:1:0:0 0:7:22:1:0** 0:3:27:0:0 3:15:12:0:0 
2.5 3:26:1:0:0 0:3:25:3:0** 0:1:26:3:0 0:24:6:0:0 
3.3. Effects of Pb2+ on nauplii of Artemia saline 
y Effects of Pb2+ on growth of nauplii 
The table.5 showed effects of Pb2+ on growth of nauplii. The results of ANOVA showed that effects of 
Pb2+on the condition of A. saline growth at 24h, 48h, 72h and 96h were high-remarkable˄P<0.01˅. The 
results of Duncan’s multiple range tests showed that growth NOEC of Pb2+ at 24 h, 48h, 72h and 96h was 
6mg/L, 3mg/L, <3mg/L and <3mg/L. The length of nauplii in 9mg/L experimental groups at 24h and in 
6mg/L experimental groups at 48h were remarkable longer than control groups (P<0.05). The length of 
nauplii in 3mg/L experimental groups at 72h and 96h were high remarkable longer than control groups 
(P<0.01). 
y Effects of Pb2+ on development of nauplii 
The table.6 showed effects of Pb2+ on development of nauplii. The results of Chi-square test showed 
that effects of Pb2+ on the condition of A. saline development was high-remarkable˄P<0.01˅at 24h and 
72h in every experimental groups. Development NOEC of Pb2+ at 24h and 72h was 6mg/L and 15mg/L 
and were <3mg/L at 48h and 96h. Proportion of 3 age nauplii in 9mg/L  experimental groups was high 
remarkable higher than control groups at 24h (P<0.01). Proportion of 4 age nauplii in 18mg/L  
experimental groups was high remarkable lower than control groups at 72h (P<0.01). 
Table.5 Effect of Pb2+ on the growth of Artemia saline 
concentrat
-ion
˄;gL-1  ˅
Length (mm) 
24h 48h 72h 96h 
0 2.606±0.071 3.350±0.092 3.580±0.075 3.636±0.102 
3 2.763±0.068 3.573±0.047 3.956±0.084** 4.033±0.094** 
6 2.730±0.053 3.630±0.074* 3.966±0.063** 3.880±0.086* 
9 2.830±0.062* 3.706±0.064* 3.826±0.105** 3.736±0.068* 
12 3.123±0.048** 3.560±0.064* 3.916±0.064** 3.840±0.082* 
15 2.900±0.054** 3.406±0.076* 3.766±0.051** 3.696±0.712* 
18 2.903±0.056** 3.450±0.077* 3.666±0.068* 3.690±0.067* 
Table.6 Effect of Pb2+ on the development of Artemia saline
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concentration
˄;gL-1˅ 
Proportions of nauplii in difference age 
24h 48h 72h 96h 
0 4:24:2:0:0 0:6:21:3:0 0:1:11:18:0 0:0:17:10:1 
3 1:22:7:0:0 0:1:23:6:0 0:0:15:15:0 0:0:15:9:6 
6 0:25:5:0:0 0:3:20:7:0 0:0:17:13:0 0:0:17:10:3 
9 0:21:9:0:0** 0:1:23:6:0 0:2:11:17:0 0:0:23:7:0 
12 0:11:19:0:0** 0:2:24:3:0 0:0:20:10:0 0:0:17:11:2 
15 0:22:8:0:0* 0:6:22:1:0 0:0:19:11:0 0:0:24:6:0 
18 0:22:8:0:0* 0:3:25:3:0 0:1:25:5:0** 0:0:24:5:1 
3.4 .Effects of Zn2+ on nauplii of Artemia saline 
y Effects of Zn2+ on growth of nauplii 
The table.7 showed effects of Zn2+ on growth of nauplii. The results of ANOVA showed that effects of 
Zn2+on the condition of A. saline growth at 24h and 72h were high-remarkable˄P<0.01˅. The results of 
Duncan’s multiple range tests showed that growth NOEC of Zn2+ at 24h and 72h was <0.04mg/L and 
0.04mg/L and were >0.28mg/L at 48h and 96h. The length of nauplii in 0.04mg/L experimental groups 
was remarkable longer than control groups at 24h and 72h˄P<0.05˅. 
y Effects of Zn2+ on development of nauplii 
The table.8 showed effects of Zn2+ on development of nauplii. The results of Chi-square test showed 
that effects of Zn2+ on the condition of A. saline development was high-remarkable˄P<0.01˅at 24h and 
was remarkable at 96h (P<0.05). Development NOEC of Zn2+ were <0.04mg/L at 24h and 96h and 
were >0.28mg/L at 48h and 72h. In 0.04mg/L experimental groups, proportion of 3 age nauplii was 
remarkable higher than control groups at 24h (P<0.05) and proportion of 5 age nauplii was remarkable 
higher than control groups at 96h (P<0.05). 
Table.7 Effect of Zn2+ on the growth of Artemia saline  
concentration 
˄;gL-1˅ 
Length (mm) 
24h 48h 72h 96h 
0 2.650±0.063 3.340±0.047 3.570±0.051 3.836±0.057 
0.04 2.893±0.047* 3.376±0.048 3.603±0.063 3.856±0.049 
0.08 2.893±0.045* 3.393±0.048 3.763±0.051* 3.933±0.078 
0.12 2.773±0.055* 3.293±0.037 3.666±0.053* 3.666±0.050 
0.16 2.716±0.073* 3.353±0.055 3.660±0.047* 3.703±0.046 
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0.2 2.856±0.051* 3.420±0.033 3.683±0.042* 3.713±0.042 
0.24 2.963±0.051** 3.450±0.042 3.646±0.049* 3.840±0.052 
0.28 3.040±0.036** 3.443±0.045 3.643±0.049* 3.763±0.049 
Table.8 Effect of Zn2+ on the development of Artemia saline 
Concentrate
-on 
˄;gL-1˅ 
Proportions of nauplii in difference age 
24h 48h 72h 96h 
0 0:26:4:0:0 0:4:25:1:0 0:0:26:4:0 0:0:20:10:0 
0.04 0:18:12:0:0* 0:3:24:3:0 0:0:26:4:0 0:0:19:10:1* 
0.08 0:17:13:0:0** 0:2:25:3:0 0:0:24:6:0 0:0:19:9:2* 
0.12 0:16:14:0:0** 0:5:25:0:0 0:0:27:3:0 0:0:20:8:2* 
0.16 0:15:15:0:0** 0:7:22:1:0 0:0:28:2:0 0:0:19:10:1* 
0.2 0:11:19:0:0** 0:1:29:0:0 0:1:28:1:0 0:0:19:9:2* 
0.24 0:8:22:0:0** 0:4:26:0:0 0:0:29:1:0 0:0:19:9:2* 
0.28 0:7:23:0:0** 0:3:27:0:0 0:0:28:2:0 0:0:18:10:2* 
4 .Discussion 
The results showed that effects of Cr6+, Hg2+, Pb2+ and Zn2+ on growth of nauplii were high remarkable 
and effects of Cr6+, Hg2+, Pb2+ and Zn2+ on development of nauplii were remarkable or high remarkable. 
Cr6+ could inhibit growth of nauplii at 72h and promote growth of nauplii at 48h and 96h in 0.04 mg/L. 
Hg2+, Pb2+ and Zn2+ could promote growth of nauplii. Pb2+ could inhibit development of nauplii at 72h in 
18mg/L experimental groups and promote development at 24h in 9mg/L experimental groups. Cr6+, Hg2+ 
and Zn2+ could promoted development of nauplii remarkably or high-remarkably. Under 25ȝM Hg2+, the 
length of Artemia in experimental groups was remarkable longer than control groups during 0-250h[5]. 
This phenomenon was called hormesis[5]. The results also showed that there was some relation between 
effects of 4 kinds of heavy metals on growth of Artemia and growth phase. The phenomenon was maybe 
due to changing of requirement for metal ion in difference growth phase of Artemia. Under 750 ȝg/L 
Vanadium, length of Artemia between experimental groups and control groups was no remarkable 
difference during 48h, whereas surviving of Artemia could be effected remarkably under 100 ȝg/L 
Vanadium during 8d [6]. It means that response time and response type of Artemia to metal ions was 
difference. 
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